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(57) ABSTRACT 

Disclosed are a light emitting device, a light emitting device 
package, and an illumination system. The light emitting 
device includes a Substrate; a light emitting structure layer 
including a first conductive type semiconductor layer formed 
on the substrate and having first and second upper surfaces, in 
which the second upper surface is closer to the substrate than 
the first upper Surface, an active layer on the first conductive 
type semiconductor layer, and a second conductive type semi 
conductor layer on the active layer; a second electrode on the 
second conductive type semiconductor layer, and at least one 
first electrode extending at least from the second upper Sur 
face of the first conductive type semiconductor layer to a 
lower Surface of the Substrate by passing through the Sub 
Strate. 

20 Claims, 13 Drawing Sheets 
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US 8,415,699 B2 
1. 

LIGHT EMITTING DEVICE, LIGHT 
EMITTING DEVICE PACKAGE, AND 

ILLUMINATION SYSTEM 

The present application claims priority under 35 U.S.C. 
S119(a) of Korean Patent Application No. 10-2010-0034758 
filed on Apr. 15, 2010, which is hereby incorporated by ref 
erence in its entirety. 

BACKGROUND 

The embodiment provides a light emitting device, a light 
emitting device package, and an illumination system. 

Groups III-V nitride semiconductors have been exten 
sively used as main materials for light emitting devices, such 
as a light emitting diode (LED) or a laser diode (LD), due to 
the physical and chemical characteristics thereof. In general, 
the groups III-V nitride semiconductors include a semicon 
ductor material having a compositional formula of In A 
l, GaN (0sxs 1,0sys1, and 0sx+ys 1). 
The LED is a semiconductor device, which transmits/re 

ceives signals by converting an electric signal into infrared 
ray or light using the characteristics of compound semicon 
ductors. The LED is also used as a light source. 
The LED or the LD using the nitride semiconductor mate 

rial is mainly used for the light emitting device to provide the 
light. For instance, the LED or the LD is used as a light source 
for various products, such as a keypad light emitting part of a 
cellular phone, an electric signboard, and an illumination 
device. 

SUMMARY 

The embodiment provides a light emitting device having a 
novel electrode structure. 
The embodiment provides a light emitting device having a 

growth Substrate and a vertical type electrode structure. 
According to the embodiment, a light emitting device 

includes a Substrate; a light emitting structure layer including 
a first conductive type semiconductor layer formed on the 
Substrate and having first and second upper Surfaces, in which 
the second upper surface is closer to the substrate than the first 
upper Surface, an active layer on the first conductive type 
semiconductor layer, and a second conductive type semicon 
ductor layer on the active layer; a second electrode on the 
second conductive type semiconductor layer, and at least one 
first electrode extending at least from the second upper Sur 
face of the first conductive type semiconductor layer to a 
lower Surface of the Substrate by passing through the Sub 
Strate. 

According to the embodiment, a light emitting device 
includes a Substrate including a transmittive material; a light 
emitting structure layer including a first conductive type 
semiconductor layer formed on the Substrate and having an 
outer portion stepped from at least one side of the Substrate, an 
active layer on an inner portion of the first conductive type 
semiconductor layer, and a second conductive type semicon 
ductor layer on the active layer; a second electrode on the 
second conductive type semiconductor layer; and a plurality 
of first electrodes extending from a lower surface of the sub 
strate to a side surface of the outer portion of the first conduc 
tive type semiconductor layer by passing through the Sub 
Strate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side sectional view showing a light emitting 
device according to a first embodiment; 
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2 
FIG. 2 is a plan view of FIG. 1; 
FIG. 3 is a bottom view of FIG. 1; 
FIGS. 4A and 4B are views showing examples of a hole of 

FIG. 1: 
FIGS. 5 to 10 are views showing the manufacturing process 

of the light emitting device of FIG. 1; 
FIGS. 11 to 13 are views showing examples of forming a 

first electrode and holes in a channel region according to the 
embodiment; 

FIG. 14 is a side sectional view showing a light emitting 
device according to a second embodiment; 

FIG. 15 is a side sectional view showing a light emitting 
device according to a third embodiment; 

FIGS. 16 and 17 are a side sectional view and a plan view 
showing a light emitting device according to a fourth embodi 
ment; 

FIG. 18 is a side sectional view showing a light emitting 
device according to a fifth embodiment; 

FIG. 19 is a side sectional view showing a light emitting 
device according to a sixth embodiment; 

FIG. 20 is a side sectional view showing a light emitting 
device according to a seventh embodiment; 

FIG. 21 is a side sectional view showing a light emitting 
device according to an eighth embodiment; 

FIG. 22 is a side sectional view showing a light emitting 
device according to a ninth embodiment; and 

FIG. 23 is a side sectional view showing a light emitting 
device according to a tenth embodiment. 

FIG.24 is a diagram illustrating a display device according 
to an embodiment; 

FIG. 25 is a diagram illustrating another display device 
according to an embodiment; and 

FIG. 26 is a diagram illustrating an illumination device 
according to an embodiment. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

In the description of the embodiments, it will be under 
stood that, when a layer (or film), a region, a pattern, or a 
structure is referred to as being “on” or “under another 
Substrate, another layer (or film), another region, another pad, 
or another pattern, it can be “directly” or “indirectly over the 
other Substrate, layer (or film), region, pad, or pattern, or one 
or more intervening layers may also be present. Such a posi 
tion of the layer has been described with reference to the 
drawings. 
The thickness and size of each layer shown in the drawings 

may be exaggerated, omitted or schematically drawn for the 
purpose of convenience or clarity. In addition, the size of 
elements does not utterly reflect an actual size. 

FIG. 1 is a sectional view showing a light emitting device 
100 according to a first embodiment, and FIG. 2 is a plan view 
of FIG. 1. 

Referring to FIG. 1, the light emitting device 100 includes 
a substrate 101, a first semiconductor layer 105, a first con 
ductive type semiconductor layer 110, an active layer 115, a 
second conductive type semiconductor layer 120, second 
electrodes 150 and 152, and a first electrode 160. 
The light emitting device 100 includes an LED including a 

plurality of compound semiconductor layers, for example, 
compound semiconductors of group III-V elements. The 
LED may emit blue, green, or red light in a visible ray band or 
light in a UV band. 
The substrate 101 is a growth substrate including an insu 

lating material or a conductive material using a compound 
semiconductor to be grown. The substrate 101 may be 
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selected from the group consisting of Al-O, GaN. SiC., ZnO, 
Si, GaP, InP, GaO, and GaAs. Hereinafter, an insulating 
growth substrate including Sapphire (Al2O) will be 
described as an example of the substrate 101, and the sub 
strate 101 may include a transmissive substrate. The substrate 
101 is provided thereon with a light extracting structure such 
as a concavo-convex structure or a roughness structure. The 
thickness of the substrate 101 may be in the range of 50 um to 
500 um. If the substrate 101 includes a transmissive material, 
the emission angle of light can be improved. 

The substrate 101 may be provided thereon with the first 
semiconductor layer 105. The first semiconductor layer 105 
may have a pattern or layer based on compound semiconduc 
tors of group II to VI elements. The first semiconductor layer 
105 may include one selected from the group consisting of 
ZnO, GaN, AlN, AlGaN, InGaN, InN, InAlGaN, AlInN, 
AlGaAs, GaP. GaAs, GaAsP and AlGanP. The first semi 
conductor layer 105 may include a buffer layer oran undoped 
semiconductor layer, and the buffer layer reduces a lattice 
constant difference between a nitride semiconductor and the 
substrate 101. The undoped semiconductor layer may include 
an undoped nitride semiconductor. In other words, the 
undoped semiconductor layer is a semiconductor layer which 
is not doped with conductive dopants intentionally. The 
undoped semiconductor layer has electrical conductivity 
remarkably lower than that of the first conductive type semi 
conductor layer 110. For example, the undoped semiconduc 
tor layer may include an undoped GaN layer and may have the 
characteristic of a first conductive type. 
The first semiconductor layer 105 may include a superla 

tive structure, and may include a material selected from the 
group consisting of GaN. InN, AlN. InGaN. AlGaN, InAl 
GaN. SiO, SiO, SiN. SiN, SiO, N, and metallic material. 
The Supperlattice structure includes at least two pairs in 
which at least two layers having different energy band gaps 
are alternately repeated. For example, the Superlattice struc 
ture includes a stack structure of InCaN/GaN. Each layer of 
the Superlattice structure may have a thickness of at least a 
few A. 

In addition, the first semiconductor layer 105 may include 
a reflective layer having a structure in which at least two 
layers having different refractive indexes are alternately 
stacked. For example, the first semiconductor layer 105 may 
include a DBR (Distributed Bragg Reflectors) having at least 
two stack structures of GaN/AIN layers. 

The first conductive type semiconductor layer 110 is 
formed on the first semiconductor layer 105, and the active 
layer 115 is formed on the first conductive type semiconduc 
tor layer 110. The second conductive type semiconductor 
layer 120 is formed on the active layer 115. Another semi 
conductor layer may be further arranged on or under each 
layer, but the embodiment is not limited thereto. 
The first conductive type semiconductor layer 110 may 

include a compound semiconductor of group III-V elements 
doped with first conductive type dopants. For example, the 
first conductive type semiconductor layer 110 may include a 
material selected from the group consisting of GaN. AlN. 
AlGaN, InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP. GaAs, 
GaAsP and AlGalnP. The first conductive type semiconduc 
tor layer 110 may include a semiconductor material having a 
compositional formula of In, Al. GaN (0sxs 1,0sys1, 
0sX+ys 1). 
The first conductive type semiconductor layer 110 may 

include an N type semiconductor layer. For example, the N 
type semiconductor layer includes N type dopants such as Si, 
Ge. Sn, Se, and Te. The first conductive type semiconductor 
layer 110 may serve as an electrode contact layer, and may 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
have a single layer structure or a multiple layer structure, but 
the embodiment is not limited thereto. 
The first conductive type semiconductor layer 110 may 

include a superlattice structure in which different semicon 
ductor layers are stacked. The Superlattice structure includes 
a GaN/InGaN structure or a GaN/A1GaN structure. The 
Superlattice structure is obtained by stacking at least two pairs 
of two different layers having a thickness of at least a few A. 
The first conductive type semiconductor layer 110 includes 

at least two-step structure. For example, the first conductive 
type semiconductor layer 110 may include a structure having 
a width wider than a width of a lower surface of the first 
conductive type semiconductor layer 110. 
The first conductive type semiconductor layer 110 includes 

a first part 112 and a second part 113. The first and second 
parts 112 and 113 may have the same semiconductor layer or 
different semiconductor layers. The first part 112 may be a 
lower portion of the first conductive type semiconductor layer 
110, and the second part 113 may be an upper portion of the 
first conductive type semiconductor layer 110. The first and 
second parts 112 and 113 are distinguished from each other 
by a step structure. The first part 112 may further include a 
region having a step structure from at least one side Surface or 
all side surfaces of the second part 113. Accordingly, the 
second part 113 may be provided in a predetermined region of 
the first part 112. 
An upper surface of the second part 113 may have a width 

narrower than that of a lower surface of the first part 112 and 
equal to or wider than a width of a lower surface of the active 
layer 115. An outer upper surface 111 of the first part 112 is 
closer to the substrate 101 than an upper surface of the second 
part 113 is, and disposed outward from a side surface of the 
second part 113 or a side surface of the active layer 115. The 
outer upper surface 111 of the first part 112 of the first con 
ductive type semiconductor layer 110 is disposed more out 
ward than a side Surface of the second conductive type semi 
conductor layer 120 when viewed in a plan view. 
As shown in FIG. 2, the outer upper surface 111 of the first 

part 112 of the first conductive type semiconductor layer 110 
may have a width W1 of about 1 um to about 50 um from the 
side surface of the second part 113. The width W1 may be 
distance between the side surface of the second part 113 and 
the side surface of the first part 112. As shown in FIG. 2, the 
side surface of the active layer 115 is spaced apart from the 
first electrode 160 at a predetermined distance G1, and the 
distance G1 prevents the short between the semiconductor 
layers 113, 115, and 120. 
The outer upper surface 111 of the first part 112 of the first 

conductive type semiconductor layer 110 serves as a Ga-face, 
and may include a light extracting structure, for example, a 
rough structure. 
The upper surface of the second part 113 of the first con 

ductive type semiconductor layer 110 may be a top surface, 
and may be closer to the active layer 115 than the outer upper 
surface 111 of the first part 112 is. In addition, the outer upper 
surface 111 of the first part 112 may be closer to the substrate 
111 than the top surface of the second part 113. 
The active layer 115 is formed on the first conductive type 

semiconductor layer 110, and may have at least one selected 
from the group consisting of a single quantum well structure, 
a multiple quantum well structure, a quantum wire structure, 
and a quantum dot structure. The active layer 115 may have a 
stack structure including a well layer and a barrier layer, 
which are made from group III-V compound semiconductor 
material. For instance, the well layer of the active layer 115 
has a compositional formula of In, Al. GaN (0sxs1, 
Osys1, and Osx+ys 1) and the barrier layer of the active 
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layer 115 has a compositional formula of In, Al Gai-N 
(0sxs 1,0sys1, and Osx-ys 1). The active layer 115 may 
have a stack structure of at least one selected from the group 
consisting of InCiaN well/GaN barrier layers, InCaN well/ 
AlGaN barrier layers, and an InGaN well/InGaN barrier lay 
CS. 

A first conductive clad layer may be disposed between the 
first conductive type semiconductor layer 110 and the active 
layer 115. The first conductive clad layer may include a 
GaN-based semiconductor. The first conductive clad layer 
has a bandgap greater than the bandgap of a barrier layer of 
the active layer 115, and confines carriers. 
A second conductive clad layer may be disposed between 

the active layer 115 and the second conductive type semicon 
ductor layer 120. The second conductive clad layer may 
include a GaN-based semiconductor. The second conductive 
clad layer has a bandgap greater than the bandgap of a barrier 
layer of the active layer 115, and confines carriers. The width 
of the active layer 115 may be narrower than that of the 
Substrate 101. 
The second conductive type semiconductor layer 120 is 

disposed on the active layer 115. The second conductive type 
semiconductor layer 120 may include compound semicon 
ductors of group III-V elements doped with the second con 
ductive dopants. For instance, the second conductive layer 
120 may be selected from the group consisting of GaN. AlN. 
AlGaN, InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP. GaAs, 
GaAsP and AlGalnP. Preferably, the second conductive type 
semiconductor layer 120 may include a semiconductor mate 
rial having a compositional formula of In, Al, Ga-N 
(0sXs 1,0sys 1,0sX+ys 1). 
The second conductive type semiconductor layer 120 has a 

single layer structure or a multiple layer structure. If the 
second conductive type semiconductor layer 120 has the mul 
tiple layer structure, the second conductive type semiconduc 
tor layer 120 may include a Superlattice structure Such as an 
AlGaN/GaN Structure. 

The second conductive type semiconductor layer 120 may 
include a Ptype semiconductor layer. For example, the P type 
semiconductor layer includes Ptype dopants such as Mg, Be, 
and Zn. The second conductive type semiconductor layer 120 
may serve as an electrode contact layer, but the embodiment 
is not limited thereto. 
The first conductive type semiconductor layer 110, the 

active layer 115, and the second conductive type semiconduc 
tor layer 120 may be defined as a light emitting structure layer 
125. The first conductive type semiconductor layer 110 may 
include a P type semiconductor, and the second conductive 
type semiconductor layer 120 may include an N type semi 
conductor layer. The light emitting structure layer 125 may 
include a third conductive type semiconductor layer on the 
second conductive type semiconductor layer 120, and the 
third conductive type semiconductor layer may include a 
semiconductor layer having a polarity opposite to that of the 
second conductive type. The light emitting structure layer 125 
may include at least one of an N-P junction structure, a P-N 
junction structure, an N-P-N junction structure, and a P-N-P 
junction structure. In this case, “N' represents an N type 
semiconductor layer, “P” represents a P type semiconductor, 
and '-' represents a structure in which semiconductor layers 
are directly or indirectly stacked on each other. Hereinafter, a 
structure in which the second conductive type semiconductor 
layer 120 is provided at the upper most layer of the light 
emitting structure layer 125 will be described as one example. 
The second electrode 152 is provided on the second con 

ductive type semiconductor layer 120, and includes the pad 
150 electrically connected to second electrode 152. The sec 
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6 
ond electrode 152 may have a single layer structure or a 
multiple layer structure including at least one selected from 
the group consisting of Ti, Al, Al alloy, In, Ta, Pd, Co, Ni, Si, 
Ge, Ag, Agalloy, Au, Hf, Pt, Ru and Au, or the alloy thereof. 
At least one pad 150 may beformed, and the second electrode 
152 is electrically connected to the pad 150. For example, the 
second electrode 152 may be connected to the pad 150 in at 
least one of a branch shape, an arm shape, and a finger shape. 
The second electrode 152 may have a loop shape at an outer 

peripheral portion of a top surface of the second conductive 
type semiconductor layer 120. The loop shape is formed 
closely to an edge of the second conductive type semiconduc 
tor layer 120. The loop shape may be continuously or discon 
tinuously formed. The second electrode 152 may be close to 
a plurality of first electrodes 160. 
A current spreading layer or a transmissive layer may be 

disposed between the second electrode 152 and the second 
conductive type semiconductor layer 120. The current 
spreading layer includes a transmittive oxide material or a 
transmittive nitride material. For instance, the current spread 
ing layer may include a material selected from the group 
consisting of ITO (indium tin oxide), IZO (indium zinc 
oxide), IZON (IZO nitride), IZTO (indium zinc tin oxide), 
IAZO (indium aluminum zinc oxide), IGZO (indium gallium 
Zinc oxide), IGTO (indium gallium tin oxide), AZO (alumi 
num Zinc oxide), ATO (antimony tin oxide), and GZO (gal 
lium Zinc oxide). The current spreading layer is formed on the 
second conductive type semiconductor layer 120, and spreads 
current into the whole region. 
The first electrode 160 may be arranged in a region that 

does not overlap with the active layer 115 while being a 
vertical direction to the active layer 115. Preferably, the first 
electrode 160 may be arranged in a channel region M, that is, 
a region of exposing the first conductive type semiconductor 
layer 110. The first electrode 160 may be arranged in at least 
one region that does not overlap with the second electrode 152 
while being perpendicular to the second electrode 152. The 
region of exposing the first conductive type semiconductor 
layer 110 may be provided outside at least one side surface of 
the active layer 115. 
The first electrode 160 may be spaced apart from at least 

one side surface of the active layer 115, preferably, may be 
spaced from two side surfaces or four side surfaces of the 
active layer 115. In addition, the first electrode 160 may be 
disposed closer to the side surface of the first part 112 of the 
first conductive type semiconductor layer 110. The first elec 
trode 160 may be disposed closer to the edge of the first 
conductive type semiconductor layer 110 than the side sur 
face of the active layer 115. 
At least one hole 165 is formed in the substrate 101, the first 

semiconductor layer 105 and the first part 112 of the first 
conductive type semiconductor layer 110. The hole 165 
includes a conductive material. The conductive material may 
include metal. The first electrode 160 may be formed through 
a plating process. 
The first electrode 160 may include one selected from the 

group consisting of Cu, Ti, Cr, Ta, Al, In, Pd, Co, Ni, Ge, Ag, 
and Au or the alloy thereof. The first electrode 160 may 
include a conductive compound including metal. For 
instance, the first electrode 160 may include metal oxide, but 
the embodiment is not limited thereto. 
The first electrode 160 may extend from the first part 112 of 

the first conductive type semiconductor layer 110 to a lower 
portion of the substrate 101. One first electrode 160 or a 
plurality of first electrodes 160 may be provided. If one first 
electrode 160 is provided, current may not be smoothly sup 
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plied. Hereinafter, the embodiment employing a plurality of 
first electrodes 160 will be described. 
An upper end of the first electrode 160 may be exposed to 

the top surface 111 of the first part 112, and a lower end of the 
first electrode 160 may be exposed to a lower surface of the 
Substrate 101. 

Each first electrode 160 may have the form of a via pen 
etrating from the first part 112 of the first conductive type 
semiconductor layer 110 to the substrate 101. The via may 
have the form of a line perpendicular to the lower surface of 
the substrate 101 or a line that is not perpendicular to the 
lower surface of the substrate 101. 
The first electrodes 160 may be spaced apart from each 

other at a predetermined distance. For instance, the first elec 
trodes 160 may be arranged periodically, randomly, or irregu 
larly. The interval between the first electrodes 160 may vary 
according to the current efficiency and the pattern of the 
Second electrode 150. 
At least one of the first electrodes 160 may be provided 

inside the first part 112 of the first conductive type semicon 
ductor layer 110 or may be exposed out of an external wall of 
a device. 
The first electrodes 160 are exposed out of a lower portion 

of the substrate 101. The first electrodes 160 may be con 
nected to each other by using a predetermined pattern or a 
predetermined layer at the lower portion of the substrate 101. 
The lower ends of the first electrodes 160 serve as pads, or 
pads may be additionally formed. 
A thickness T1 between the lower surface of the substrate 

101 and the first part 112 of the first conductive type semi 
conductor layer 110 is about 2 Lum to about 3 um thicker than 
a substrate thickness. A thickness of the substrate 101 may be 
in the range of about 100 um to about 400 um. The lower 
surface of the substrate 101 may have a flat structure or a 
rough structure, but the embodiment is not limited thereto. 

FIG. 2 is a plan view of FIG. 1, and FIG.3 is a bottom view 
of FIG. 2. 

Referring to FIGS. 2 and 3, in the second electrode 152, the 
width of the pad 150 may be wider than the line width of the 
second electrode 152. The line width of the second electrode 
152 may be gradually reduced from the pad 150 to a prede 
termined section, but the embodiment is not limited thereto. 

The pad 150 may bearranged between corners, or arranged 
at a part of the corner, but the embodiment is not limited 
thereto. 

The pad 150 and the second electrode 152 connected to the 
pad 150 may be closer to the edge of the second conductive 
type semiconductor layer 120 than to the center of the second 
conductive type semiconductor layer 120, and may be 
arranged within a predetermined distance D4 from a virtual 
line linking the first electrodes 160 to each other. 
The second electrode 152 and the pad 150 are arranged at 

an edge of the top Surface of the second conductive type 
semiconductor layer 120 rather than at the center of the top 
Surface of the second conductive type semiconductor layer 
120, so that the light loss caused by the pad 150 and a wire 
bonded to the pad 150 can be prevented. 
A transmissive conductive layer is further arranged 

between the second conductive type semiconductor layer 120 
and the second electrode 152, so that current can be spread 
into the whole region. Accordingly, internal quantum effi 
ciency can be improved. 
The upper ends of a plurality of the first electrodes 160 are 

provided on the upper surface 111 of the first conductive type 
semiconductor layer 110 spaced apart from at least one side 
Surface, for example, four side surfaces of the active layer 
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8 
115, and the second electrode 152 may have a loop shape 
corresponding to a plurality of the first electrodes 160. 
The pad 150 may be arranged at the center of a chip when 

viewed at the top of the chip. The arrangement of the pad 150 
may be changed within the technical scope of the embodi 
ment. 

The second electrode 152 may branch from the pad 150 
with a branch shape. For example, the second electrode 152 
may have a continuous loop shape or a discontinuous loop 
shape. The second electrode 152 may have various shapes 
Such as a radial pattern, at least one branch pattern, a curved 
pattern, a straight line pattern, a polygonal pattern, a circular 
pattern, or the combination thereof, but the embodiment is not 
limited thereto. 
The first electrodes 160 are spaced apart from each other at 

a distance D1 or more on the upper surface of the first part 112 
of the first conductive type semiconductor layer 110, and 
arranged corresponding to the second electrode 152. The 
upper ends of the first electrodes 160 are provided within a 
predetermined distance from the second electrode 152 of the 
second electrode 152 as shown in FIG. 2. The lower ends of 
the first electrodes 160 may be arranged along the periphery 
of a lower surface 101A of the substrate 101 as shown in FIG. 
3. 

Since the first electrodes 160 are arranged corresponding to 
the second electrode 152 of the second electrode 152, current 
can uniformly flow throughout the whole region of the light 
emitting structure layer 125. 
An upper diameter D2 (shown in FIG. 2) of the first elec 

trode 160 may be smaller than a lower diameter (shown in 
FIG. 3) or a width D3 of the first electrode 160. The upper 
diameter or the width D2 may be in the range of about 1 um 
to about 50 um. Although the first electrode 160 has a circular 
outer shape as shown in drawings, the first electrode 160 may 
have various outer shapes such as a polygonal shape, an oval 
shape, or the combination of an angled shape and a spherical 
shape other than the circular shape. 
As shown in FIG. 1, the transmissive substrate 101 is 

arranged in the light emitting device having a vertical type 
electrode structure, so that the emission angle of traveling 
light can be improved due to the thickness of the transmissive 
substrate 101. Accordingly, light extraction efficiency can be 
improved. 

FIGS. 4A and 4B are views showing the hole 165 of FIG. 
1. 
As shown in FIG. 4A, the hole 165 may have a trapezoid 

shape. The lower diameter (or width) D3 of the hole 165 is in 
the range of about 0.5 um to about 50 lum, and the upper 
diameter (or width) D2 of the hole 165 is in the range of about 
0.5 um to about 20 Lum. In this case, the hole 165 may be 
formed under a condition of D3>D2. The upper and lower 
diameters D2 and D3 may vary according to the size of the 
device. An inclination angle 01 of the hole 165 may satisfy a 
condition of 0<01<30° with respect to a virtual axis perpen 
dicular to the lower surface of the substrate 101. Since the 
shape of the hole 165 may be approximately identical to the 
shape of the first electrode 160, the shape of the first electrode 
160 is based on the shape of the hole 165. 
As shown in FIG. 4B, a hole 165A has an inclination 

structure having various angles about a virtual axis perpen 
dicular to the lower surface of the substrate 101, and the 
inclination structure is provided at a lower portion of the hole 
165A. The inclination structure provided at the lower portion 
of the hole 165A may have a lower end which is has a width 
wider than a width of an upper end. 

FIGS. 5 to 10 are sectional views showing the manufactur 
ing process of the light emitting device of FIG. 1. 
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Referring to FIG. 5, the substrate 101 is loaded on growing 
equipment and a compound semiconductor layer of II to VI 
group elements may be formed on the substrate 101. 
The growing equipment may include E-beam deposition 

equipment, PVD (physical vapor deposition) equipment, 
CVD (chemical vapor deposition) equipment, PLD (plasma 
laser deposition) equipment, a dual-type thermal evaporator, 
sputtering equipment and MOCVD (metal organic chemical 
vapor deposition) equipment. However, the embodiment is 
not limited thereto. 
The substrate 101 may include a conductive substrate oran 

insulating substrate. For instance, the substrate 101 may 
include a material selected from the group consisting of sap 
phire (AlO4), GaN. SiC., ZnO, Si, GaP, InP, GaO, and 
GaAs. The substrate 101 may be provided on a top surface 
thereof with a concavo-convex structure including a lens 
shape or a stripe shape, and the concavo-convex structure may 
include a patternora roughness. In addition, the Substrate 101 
may be provided thereon with the first conductive layer 105, 
and the first conductive layer 105 may include a layer or a 
pattern using compound semiconductors of group II to VI 
elements. For example, at least one of a ZnO layer (not 
shown), a buffer layer (not shown) and an undoped semicon 
ductor layer (not shown) may beformed on the substrate 101. 
The buffer layer and the undoped semiconductor layer may 
include the compound semiconductors of the group III-V 
elements. The buffer layer reduces a lattice constant differ 
ence from the substrate 101. The undoped semiconductor 
layer has conductivity lower than that of the first conductive 
type semiconductor layer 110, and may include an undoped 
GaN-based semiconductor. 
The first semiconductor layer 105 may include a material 

selected from the group consisting of GaN. InN, AlN, InGaN. 
AlGaN, InAlGaN, SiO, SiO, SiN. SiN, SiO, N, and 
metal. The first semiconductor layer 105 may have a hetero 
junctioned Superlattice structure or a light extraction struc 
ture. The first semiconductor layer 105 may have a DBR 
structure in which at least two layers having different refrac 
tive indexes are alternately grown. At least one of a buffer 
layer, an undoped semiconductor layer, a Superlattice struc 
ture, and a DBR structure may beformed on the substrate 101. 

Referring to FIGS. 5 and 6, the light emitting structure 
layer 125 may beformed on the first semiconductor layer 105. 
The light emitting structure layer 125 includes the first con 
ductive type semiconductor layer 110, the active layer 115, 
and the second conductive type semiconductor layer 120. 
Another layer may be provided on or under each layer, but the 
embodiment is not limited thereto. 
The first conductive type semiconductor layer 110 is 

formed on the first semiconductor layer 105, and may include 
one selected from the group consisting of GaN. AlN, AlGaN. 
InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP. GaAs, GaAsP. 
and AlGalnP, which are compound semiconductors of III-V 
group elements doped with the first conductive dopant. The 
first conductive type semiconductor layer 110 may include a 
semiconductor material having a compositional formula of 
In, Al. GaN (0sxs 1,0sys1,0sx+ys 1). The first con 
ductive type semiconductor layer 110 is the N type semicon 
ductor layer, and the N type semiconductor layer includes an 
N type dopant such as Si, Ge. Sn, Se or Te. The first conduc 
tive type semiconductor layer 110 may serve as an electrode 
contact layer, and may have the single layer or the multilayer. 
However, the embodiment is not limited thereto. 
The first conductive type semiconductor layer 110 may 

have a superlattice structure in which different semiconductor 
layers are alternately stacked, and the Superlattice structure 
includes a GaN/InGaN structure or a GaN/AlGaN structure. 
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10 
The active layer 115 is formed on the first conductive type 

semiconductor layer 110, and may have a single quantum 
well structure or a multiple quantum well structure. The 
active layer 115 may have a stack structure including a well 
layer and a barrier layer, which are made from group III-V 
compound semiconductor material. For instance, the active 
layer 115 may have a stack structure of at least one of InGaN 
well/GaN barrier layers, InGaN well/AlGaN barrier layers, 
and an InCiaN well/InGaN barrier layers. 
The first conductive clad layer may be interposed between 

the first conductive type semiconductor layer 110 and the 
active layer 115. The first conductive clad layer may include 
a GaN-based semiconductor. The first conductive clad layer 
has a bandgap greater than the bandgap of a barrier layer of 
the active layer 115, and confines carriers. 
The second conductive clad layer may be interposed 

between the second conductive type semiconductor layer 120 
and the active layer 115. The second conductive clad layer 
may include a GaN-based semiconductor. The second con 
ductive clad layer has a bandgap greater than the bandgap of 
a barrier layer of the active layer 115, and confines carriers. 
The second conductive type semiconductor layer 120 is 

provided on the active layer 115. The second conductive type 
semiconductor layer 120 may include compound semicon 
ductors of group III-V elements doped with the second con 
ductive dopants. For instance, the second conductive layer 
120 may be selected from the group consisting of GaN. AlN. 
AlGaN, InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP, GaAs, 
GaAsP and AlGalnP. Preferably, the second conductive type 
semiconductor layer 120 may include a semiconductor mate 
rial having a compositional formula of In, Al, Ga-N 
(0sxs 1,0sys 1,0sx-ys 1). 
The second conductive type semiconductor layer 120 has a 

single layer structure or a multiple layer structure. If the 
second conductive type semiconductor layer 120 has the mul 
tiple layer structure, the second conductive type semiconduc 
tor layer 120 may include a Superlattice structure Such as an 
AlGaN/GaN structure. 
The second conductive type semiconductor layer 120 may 

include a Ptype semiconductor layer. For example, the P type 
semiconductor layer includes Ptype dopants such as Mg, Be, 
and Zn. The second conductive type semiconductor layer 120 
may serve as an electrode contact layer, but the embodiment 
is not limited thereto. 
The first conductive type semiconductor layer 110, the 

active layer 115, and the second conductive type semiconduc 
tor layer 120 may be defined as the light emitting structure 
layer 125. The light emitting structure layer 125 may further 
include a third conductive type semiconductor layer on the 
second conductive type semiconductor layer 120, and the 
third conductive type semiconductor layer may include a 
semiconductor layer having a polarity opposite to that of the 
second conductive type. The light emitting structure layer 125 
may include at least one of an N-P junction structure, a P-N 
junction structure, an N-P-N junction structure, and a P-N-P 
junction structure. In this case, “N' represents an N type 
semiconductor layer, “P” represents a P type semiconductor, 
and '-' represents a structure in which semiconductor layers 
are directly or indirectly stacked on each other. Hereinafter, a 
structure in which the second conductive type semiconductor 
layer 120 is provided at the upper most layer of the light 
emitting structure layer 125 will be described as one example. 

Referring to FIG. 7, an etching process is performed. For 
example, the etching process is performed at a predetermined 
depth from the second conductive type semiconductor layer 
120. The etching process is performed with respect to an outer 
peripheral portion of a chip, that is, a channel region. The 



US 8,415,699 B2 
11 

etching process may include an isolation etching process to 
divide chips and/or a mesa etching process to expose a part of 
the first conductive type semiconductor layer 110. 

Through the etching process, a part of the first conductive 
type semiconductor layer 110, for example, the upper Surface 
of the first part 112 is exposed. In the first conductive type 
semiconductor layer 110, the first part 112 and the second part 
113 form a step structure. In other words, through the etching 
process, the boundary between chips, that is, a channel region 
M1 is exposed. 

Referring to FIG. 8, a plurality of holes 165 are formed in 
the channel region M1. The holes 165 may extend from the 
first part 112 of the first conductive type semiconductor layer 
110 to the lower surface of the substrate 101 by using a laser 
and/or a drill. 
The holes 165 may beformed as shown FIGS. 2 and 3. The 

holes 165 may have a structure in which the diameter of the 
upper end is smaller than that of the lower end as shown in 
FIG. 4. 
The holes 165 are formed along an outer peripheral portion 

of an individual chip. The interval between the holes 165 may 
be constant, irregular, or random. For example, the holes 165 
may be formed along at least one of four sidewalls of each 
chip or may be formed on two opposite sidewalls or all 
sidewalls of the chip. 

Referring to FIG. 9, the second electrode 152 is formed in 
the second conductive type semiconductor layer 120, and the 
first electrode 160 is formed in the hole 165 of the first 
conductive type semiconductor layer 110. For example, the 
first electrode 160 may be formed through a plating process 
after a seed layer has been formed, or may be formed through 
a filling process, but the embodiment is not limited thereto. 
The first electrode 160 may include one of selected from 

the group consisting of Cu, Ti, Cr, Ta, Al, In, Pd, Co, Ni, Ge. 
Ag, and Au or the alloy thereof. The first electrode 160 may 
include a non-metallic conductive material, but the embodi 
ment is not limited thereto. 
The second electrode 152 includes the pad 150. The second 

electrode 152 may have a single layer structure or a multiple 
layer structure including at least one selected from the group 
consisting of Ti, Al, Al alloy, In, Ta, Pd, Co, Ni, Si, Ge. Ag., Ag 
alloy, Au, Hf, Pt, Ru, and Au, or the alloy thereof. Although 
the second electrode 152 may include at least one pad 150, if 
the second electrode 152 has a large area, two pads may be 
provided, but the embodiment is not limited thereto. 
The second electrode 152 is connected to the pad 150, and 

may have at least one of a loop shape, a straight line shape, a 
curved shape, a polygonal shape, and a circular shape, but the 
embodiment is not limited thereto. 
A current spreading layer may be formed between the 

second electrode 152 and the second conductive type semi 
conductor layer 120. The current spreading layer may be 
formed on the second conductive type semiconductor layer 
120. The current spreading layer may be formed before or 
after an etching process has been performed, but the embodi 
ment is not limited thereto. The current spreading layer may 
include a transmittive oxide or a transmittive nitride material. 
For example, the current blocking layer may include a mate 
rial selected from the group consisting of ITO, IZO. IZTO, 
IAZO, IGZO, IGTO, AZO, ATO, and GZO. However, the 
current spreading layer may not be formed, but the embodi 
ment is not limited thereto. 

Thereafter, an individual chip shown in FIG. 10 is formed 
through a cutting process or a braking process along a bound 
ary line C1 between chips. 

Referring to FIG. 10, a plurality of the first electrodes 160 
are provided on a lower surface of the substrate 101, and 
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12 
power having first polarity is Supplied to the first conductive 
type semiconductor layer 110 through the first electrodes 160. 
The pad 150 of the second electrode 152 is connected to a 
connection member Such as a wire and receives power having 
second polarity. In addition, the power having the second 
polarity is Supplied to the second conductive type semicon 
ductor layer 120 through the pad 150 and the second electrode 
152. Accordingly, uniform power can be supplied to the entire 
portion of the light emitting device 100, so that the internal 
quantum efficiency can be improved. 

FIGS. 11 to 13 are views showing another example of a 
hole and the first electrode in a channel region of the light 
emitting device. The holes are abnormally formed in a light 
emitting area. Reference signs A1 and A2 represent a chip 
area, and reference sign C1 represents a boundary line divid 
ing a first part of the first conductive type semiconductor layer 
in a chip area. 

Referring to FIG. 11, the holes 165 may bearranged at both 
sides of the boundary line C1 in an isolation region of the two 
adjacent chip areas A1 and A2. The holes 165 may be 
arranged in each of the chip areas A1 and A2. 

Electrodes 160A are formed in the holes 165, and extend at 
a conductive pattern on a surface of the isolation region, so 
that the electrodes 160A may be arranged in each of the chip 
areas A1 and A2. In this case, the conductive pattern may have 
a width defined from the boundary line C1 toward each of the 
chip areas A1 and A2. 

In this case, the width of the two adjacent chip areas may be 
in the range of about 5um to about 100 um, and may serve as 
a channel region between chips on the Substrate. 

Referring to FIG. 12, when the holes 165 may be arranged 
at both sides of the boundary line C1 in an isolation area of the 
two adjacent chip areas A1 and A2, the holes 165 may be 
assigned to each of the chip areas A1 and A2. Electrodes 160B 
extend at a conductive pattern in the inner part of the holes 
165 and on the surface of the holes 165, so that the electrodes 
160B may be arranged in each of the chip areas A1 and A2. 

Referring to FIG. 13, when the holes 165 may beformed on 
the boundary line C1 in a channel region of the two adjacent 
chip areas A1 and A2, the holes 165 may share the isolation 
area of each of the chip areas A1 and A2. First electrodes 
160C extend at a conductive pattern in the inner part of the 
holes 165 and on the surface of the holes 165, so that the first 
electrodes 160C may be electrically connected to the chip 
areas A1 and A2. In this case, the conductive pattern may 
extend from the boundary line C1 and may be electrically 
connected to a semiconductor layer (e.g., the first conductive 
type semiconductor layer 110) of each of the chip regions A1 
and A2. In this case, an outer portion of the first electrode 
160C may be exposed to the outside of the chip. 

FIG. 14 is a side sectional view showing a light emitting 
device according to a second embodiment. In the following 
description about the second embodiment, structures and 
components the same as those of the first embodiment will be 
not further described in order to avoid redundancy. 

Referring to FIG. 14, a light emitting device 100A includes 
the light emitting structure layer 125 (110, 115, and 120) 
having an inclined side surface S1. A first conductive layer 
161 may be provided at an outer peripheral portion of the first 
conductive type semiconductor layer 110. The first conduc 
tive layer 161 may extend from the top surface 111 the first 
part 112 of the first conductive type semiconductor layer 110 
to a side surface of the second part 113. The first conductive 
layer 161 may include a material the same as a material of the 
first electrode, another conductive metallic material, or a 
transmissive conductive material. 
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The first conductive layer 161 connects upper ends of at 
least two first electrodes 160 to each other, stably supplies 
power having first polarity, and diffuses current. The first 
conductive layer 161 has a predetermined width and may 
have a closed loop shape or an open loop shape. One first 5 
conductive layer 161 or a plurality of first conductive parts 
161 may be provided, but the embodiment is not limited 
thereto. 

Lower ends 163 of the first electrodes 160 may be indi 
vidually arranged, or may be connected to each other in the 10 
unit of one group. 

The second electrode 150 includes a pad, and a current 
spreading layer 155 may be disposed between the pad and the 
second conductive type semiconductor layer 120. The current 
spreading layer 155 may beformed on the substantially entire 15 
portion of the second conductive type semiconductor layer 
120. The current spreading layer 155 may include a transmis 
sive conductive oxide or a transmissive conductive nitride. 
The current spreading layer 155 may include a material 
selected from the group consisting of ITO, IZO. IZTO, IAZO, 20 
IGZO, IGTO, AZO, ATO, and GZO. The current spreading 
layer 155 may not be formed, but the embodiment is not 
limited thereto. 

FIG. 15 is a side sectional view showing a light emitting 
device according to a third embodiment. In the following 25 
description about the third embodiment, structures and com 
ponents the same as those of the first embodiment will be not 
further described in order to avoid redundancy. 

Referring to FIG. 15, in a light emitting device 100B, the 
first electrode 160 passes through the first part 112 of the first 30 
conductive type semiconductor layer 110 and the substrate 
101. In the light emitting device 100B, the top surface 111 of 
the first part 112 of the first conductive type semiconductor 
layer 110 and a top surface of the first semiconductor layer 
105 may be exposed. Although an example of exposing the 35 
first semiconductor layer 105 has been described, a top sur 
face of an outer portion of the substrate 101 may be exposed. 

In a second channel region M2, the top surface of the first 
semiconductor layer 105 may be further exposed due to an 
isolation etching process to separate chips from each other. A 40 
first channel region M1 may be formed through a mesa etch 
ing process to expose a portion of the first conductive type 
semiconductor layer 110. The first and second channel 
regions M1 and M2 may have a step structure. 
The first electrode 160 has a structure in which a first 45 

conductive layer 161 extends from the top surface 111 of the 
first conductive type semiconductor layer 110, and a second 
conductive layer 161A extends on a top surface of the first 
semiconductor layer 105. Since the first electrode 160 has an 
expanded pattern through the first and second conductive 50 
layers 161 and 161A, the first electrode 160 can stably make 
contact with the side surface of the first conductive type 
semiconductor layer 110, so that current can be effectively 
Supplied. 
The first conductive layer 161 may be separated from the 55 

active layer 115 at a predetermined distance D6. An insulating 
layer 190 may be provided at outer portions of the second part 
113 of the first conductive type semiconductor layer 110, the 
active layer 115, and the second conductive type semiconduc 
tor layer 120. The insulating layer 190 can prevent electrical 60 
short, and is applicable for another embodiment. 

FIG. 16 is a side sectional view showing a light emitting 
device according to a fourth embodiment, and FIG. 17 is a 
plan view of FIG. 16. In the following description about the 
fourth embodiment, structures and components the same as 65 
those of the first embodiment will be not further described in 
order to avoid redundancy. 
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Referring to FIGS. 16 and 17, in a light emitting device 

100C, the first conductive layer 161 is provided on the top 
surface 111 of the first part 112 of the first conductive type 
semiconductor layer 110. The first conductive layer 161 may 
electrically connect the first electrodes 160 to each other as 
shown in FIG. 17. The first conductive layer 161 may have a 
loop shape, or may be divided into a plurality of regions. 
An electrode layer 170 is formed on a lower surface of the 

substrate 101. The electrode layer 170 may include one of 
selected from the group consisting of Ag, Agalloy, Ni, Al, Al 
alloy, Rh, Pd, Ir, Ru, Mg., Zn, Pt, Au, and Hfor alloy thereof. 
The electrode layer 170 may serve as a reflective electrode. 
The electrode layer 170 may serve as a bonding layer for 
die-bonding. 
The electrode layer 170 may be formed by stacking two 

materials having different refractive indexes. For example, 
the electrode layer 170 may beformed by stacking at least two 
materials selected from the group consisting of ITO, IZO. 
IZTO, IAZO, IGZO, IGTO, AZO, ATO, GZO, Ag, Agalloy, 
Ni, Al, Al alloy, Rh, Pd, Ir, Ru, Mg., Zn, Pt, Au, and Hf. 

In addition, according to the embodiment, a heat plate may 
be provided in addition to the electrode layer 170. The heat 
plate may include metallic material having Superior thermal 
conductivity. The heat plate may be connected to the elec 
trode layer 170, or may be separated from the electrode layer 
170. 

FIG. 18 is a side sectional view showing a light emitting 
device according to a fifth embodiment. In the following 
description about the fifth embodiment, structures and com 
ponents the same as those of the fourth embodiment will be 
not further described in order to avoid redundancy. 

Referring to FIG. 18, in the light emitting device 100C, a 
portion of the first conductive type semiconductor layer 110 
and the top surface of the first semiconductor layer 105 may 
be exposed. The portion of the first conductive type semicon 
ductor layer 110 and the top surface of the first semiconductor 
layer 105 may be formed through at least two etching pro 
CCSSCS. 

In this case, the at least two etching processes include an 
isolation etching process and a mesa etching process. The 
second channel region M2 may be exposed through the iso 
lation etching process, and the first channel region M1 may be 
exposed through the mesa etching process. The first and sec 
ond channel regions M1 and M2 may be exposed through a 
dry etching process, but the embodiment is not limited 
thereto. A portion of the channel regions M1 and M2 that is 
not participated in light emitting may be used an electrode 
region. 
The first electrode 160 includes the first conductive layer 

161 provided on the top surface 111 of the first part 112 of the 
first conductive type semiconductor layer 110 and making 
electrical contact. A second conductive layer may not be 
formed on the top surface of the first semiconductor layer 
105. 
The first conductive layer 161 may electrically connect the 

first electrodes 160 to each other as shown in FIG. 17. One 
first conductive layer 161 or a plurality of first conductive 
layers 161 may be provided. If a plurality of first conductive 
layers 161 are be provided, the first conductive layers 161 
may be spaced apart from each other. 
The first electrode 160 may extend from the side surface of 

the first part 112 of the first conductive type semiconductor 
layer 110 to a lower end of the substrate 191, and may be 
connected to a lower surface of the first conductive layer 161. 
The electrode layer 170 is formed at the lower surface of 

the substrate 101. The electrode layer 170 may include one 
selected from the group consisting of Ag, Agalloy, Ni, Al, Al 
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alloy, Rh, Pd, Ir, Ru, Mg., Zn, Pt, Au, and Hfor the alloy 
thereof, and may serve as a reflective electrode. In addition, 
the electrode layer 170 may be used as a bonding layer for 
die-bonding. 
The electrode layer 170 may be formed by stacking two 

materials having different refractive indexes. For example, 
the electrode layer 170 may beformed by stacking at least two 
materials selected from the group consisting of ITO, IZO. 
IZTO, IAZO, IGZO, IGTO, AZO, ATO, GZO, Ag, Agalloy, 
Ni, Al, Al alloy, Rh, Pd, Ir, Ru, Mg., Zn, Pt, Au, and Hf. 

FIG. 19 is a side sectional view showing a light emitting 
device according to a sixth embodiment. In the following 
description about the sixth embodiment, structures and com 
ponents the same as those of the first embodiment will be not 
further described in order to avoid redundancy. 

Referring to FIG. 19, in a light emitting device 100D, a 
concavo-convex structure 102 is formed on the substrate 101, 
and can reflect light emitted from the active layer 115. The 
concavo-convex structure 102 of the substrate 101 changes 
the critical angle of light traveling from the active layer 115 to 
the substrate 101, so that external quantum efficiency can be 
improved. 
The first semiconductor layer 105 may have a concavo 

convex structure corresponding to the concavo-convex struc 
ture 102 of the substrate 101. The concavo-convex structure 
102 may include patterns arranged at the interval of /2 or 
/4W. 
FIG. 20 is a side sectional view showing a light emitting 

device according to a seventh embodiment. In the following 
description about the seventh embodiment, structures and 
components the same as those of the first embodiment will be 
not further described in order to avoid redundancy. 

Referring to FIG. 20, in a light emitting device 100E, a 
concavo-convex structure 103 and the electrode layer 170 are 
formed on the lower surface of the substrate 101. The elec 
trode layer 170 may beformed corresponding to the concavo 
convex structure 103 of the substrate 101. The electrode layer 
170 may serve as a reflective electrode. The concavo-convex 
structure 103 may have patterns arranged at the interval of /2). 
or 4W. 
The concavo-convex structure 103 formed on the lower 

surface of the substrate 101 may change the critical angle of 
light emitted from the active layer 115 to the substrate 101. 
The electrode layer 170 may reflect incident light. The con 
cavo-convex structure 103 and the electrode layer 170 of the 
Substrate 101 change the critical angle of light traveling 
downward the substrate 101 from the active layer 115, so that 
external quantum efficiency can be improved. According to 
the embodiment, the concavo-convex structure of FIG. 19 
may be formed on the substrate 101, but the embodiment is 
not limited thereto. 

FIG. 21 is a side sectional view showing a light emitting 
device according to an eighth embodiment. In the following 
description about the eighth embodiment, structures and 
components the same as those of the first embodiment will be 
not further described in order to avoid redundancy. 

Referring to FIG. 21, in a light emitting device 100F, the 
top surface of the substrate 101 and the top surface 111 of the 
first part 112 of the first conductive type semiconductor layer 
110 are exposed. 
The first electrode 160 passes through the substrate 101, 

and is exposed through the top and lower Surfaces of the 
substrate 101. Third conductive layers 163A are provided 
under lower ends of the first electrodes 160, and may electri 
cally connect the first electrodes 160 to each other. 
A third conductive layer 160B is formed on an upper end of 

the first electrode 160, and is extended from the top surface of 
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the substrate 101 to the top surface 111 of the first part 112 of 
the first conductive type semiconductor layer 110. A lower 
end of the third conductive layer 160B makes contact with the 
upper end of the first electrode 160, and an inner portion of the 
third conductive layer 160B makes contact with the side 
surface of the first part 112 of the first conductive type semi 
conductor layer 110. Accordingly, the first electrode 160 and 
the third electrode layer 160B can uniformly supply current 
throughout the whole region of the first conductive type semi 
conductor layer 110. 

According to the embodiment, the third conductive layer 
163A may include a metallic material or may include a con 
ductive sheet and/or an electrode, but the embodiment is not 
limited thereto. 
The third conductive layer 160B is spaced apart from the 

side surface of the second part 113 of the first conductive type 
semiconductor layer 110 at a predetermined distance D7, 
thereby preventing inter-layer short. 
The widths of the active layer 115 and the first conductive 

type semiconductor layer 110 may be narrower than the width 
of the Substrate 101. 

FIG. 22 is a side sectional view showing a light emitting 
device according to a nine embodiment. In the following 
description about the nine embodiment, structures and com 
ponents the same as those of the first embodiment will be not 
further described in order to avoid redundancy. 

Referring to FIG. 22, a light emitting device includes a 
plurality of first conductive layers 161, and one or a plurality 
of first electrodes 160 are provided under the first conductive 
layers 161. The pad 150 may be provided at the center of the 
second conductive type semiconductor layer 120, but the 
embodiment is not limited thereto. 

According to the embodiment, the light emitting device 
may be subject to through a part mesa etching process by the 
width of the first conductive layer 161. According to the part 
mesa etching process, a region required to form an electrode 
is etched, and a hole is formed in the etched region, thereby 
forming the first electrode 160 and the first conductive layer 
161. In this case, a region that is not subject to the mesa 
etching process may be used as a light emitting region 
because the active layer is not etched. Accordingly, a light 
emitting area disclosed in the embodiment can be improved. 

Accordingly, the first electrode 160 can be connected to the 
outer portion of the first conductive type semiconductor layer 
110 by the first conductive layer 161. The outer portion of the 
substrate 101 may be exposed through the isolation etching 
process. 

FIG. 23 is a sectional view showing a light emitting device 
package according to a tenth embodiment. 

Referring to FIG. 23, a light emitting device package 30 
includes a body 20, first and second lead electrodes 32 and 33 
formed on the body 20, the light emitting device 100 accord 
ing to the embodiment provided on the body 20 and electri 
cally connected to the first and second lead electrodes 32 and 
33 and a molding member 40 that surrounds the light emitting 
device 100. 
The body 20 may be silicon, synthetic resin, or metallic 

material. A cavity 22 may beformed at an upper portion of the 
body 20, and the light emitting device 100 is provided in the 
cavity 25. An inclined surface may beformed around the light 
emitting device 100. The cavity 25 may be perpendicular to 
the lower surface of the body 20 or inclined with respect to the 
lower surface of the body 20, but the embodiment is not 
limited thereto. 
The first and second lead electrodes 32 and 33 are electri 

cally isolated from each other to supply power to the light 
emitting device 100. In addition, the first and second lead 
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electrodes 32 and 33 reflect the light emitted from the light 
emitting device 100 to improve the light efficiency and dissi 
pate heat generated from the light emitting device 100 to the 
outside. 
The light emitting device 100 can be installed on the body 

20 or the first and second lead electrodes 32 and 33. 
The light emitting device 100 is connected to the first lead 

electrode 31 through a wire, and is die-bonded with the sec 
ond lead electrode 32. 
The molding member 40 surrounds the light emitting 

device 100 to protect the light emitting device 100. In addi 
tion, the molding member 40 includes a phosphor to change 
the wavelength of light emitted from the light emitting device 
1OO. 
The light emitting device according to the embodiment 

(embodiments) is die-bonded to the second lead electrode 32 
through an insulating Substrate or a growth substrate, and 
packaged, so that the light emitting device can be used as a 
light source of an indicator, a lighting device, and a display 
device. The embodiment may be selectively applicable to 
another embodiment. 
The light emitting device or the light emitting device pack 

age according to the embodiment can be applied to a light unit 
as a light source. The light unit has a structure in which a 
plurality of light emitting device packages are arrayed, and 
includes an illumination lamp, a signal lamp, a headlight of a 
vehicle, and an electric sign board. 

<Illumination Systemd 
The light emitting device or the light emitting device pack 

age according to the embodiment can be applied to the light 
unit. The light unit includes a plurality of light emitting 
devices or a plurality of light emitting device packages which 
are arrayed in the light unit. The light unit may include a 
lighting lamp, a signal lamp, a headlight of a vehicle, and an 
electric signboard. 
The illumination system may include display devices illus 

trated in FIGS. 24 and 25, an illumination device illustrated in 
FIG. 26, illumination lamps, signal lights, car headlights, 
electronic displays, and the like. 

FIG. 24 is an exploded perspective view illustrating a dis 
play device according to an embodiment. 

Referring to FIG. 24, a display device 1000 according to 
the embodiment may include a light guide plate 1041, a light 
emitting module 1031 providing light to the light guide plate 
1041, a reflection member 1022 under the light guide plate 
1041, an optical sheet 1051 on the light guide plate 1041, a 
display panel 1061 on the optical sheet 1051, and a bottom 
cover 1011 storing the light guide 1041, the light emitting 
module 1031, and the reflection member 1022; however, it is 
not limited to this. 
The bottom cover 1011, the reflection sheet 1022, the light 

guide plate 1041, and the optical sheet 1051 may be defined as 
a light unit 1050. 
The light guide plate 1041 serves to diffuse light for con 

Vergence to a surface light source. The light guide plate 1041 
is formed with transmittive material and, e.g., may include 
one of acrylic resin Such as polymethyl metaacrylate 
(PMMA), polyethylene terephthlate (PET), poly carbonate 
(PC), cycloolefin copolymer (COC), and polyethylene naph 
thalate (PEN) resins. 

The light emitting module 1031 provides light to at least 
one side of the light guide plate 1041 and ultimately acts as a 
light source of the display device. 

At least one light emitting module 1031 is included, and it 
may provide light directly or indirectly at one side of the light 
guide plate 1041. The light emitting module 1031 includes a 
substrate 1033 and the light emitting device package 30 
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according to the above-disclosed embodiment. The light 
emitting device package 30 may be arrayed at predetermined 
intervals on the substrate 1033. 
The substrate 1033 may be a Printed Circuit Board (PCB) 

including a circuit pattern (not illustrated). However, the sub 
strate 1033 may include not only the typical PCB but also a 
metal core PCB (MCPCB) and a flexible PCB (FPCB), and it 
is not limited to this. In the case that the light emitting device 
package 30 is installed on the side of the bottom cover 1011 or 
on a heat radiating plate, the substrate 1033 may be elimi 
nated. Herein, a part of the heat radiating plate may be con 
tacted to an upper surface of the bottom cover 1011. 
The plurality of light emitting device packages 30 may be 

installed on the substrate 1033 so that a light-emitting surface 
is separated from the light guide plate 1041 by a predeter 
mined distance, and there is no limit for this. The light emit 
ting device package 30 may provide light to a light-entering 
part, i.e., one side, of the light guide plate 1041 directly or 
indirectly, and there is no limit for this. 
The reflection member 1022 may be disposed under the 

light guide plate 1041. The reflection member 1022 reflects 
the light incident to the lower surface of the light guide plate 
1041 in an upward direction so that brightness of the light unit 
1050 may be improved. The reflection member 1022 may be 
formed with, e.g., PET, PC, PVC (polyvinyl chloride) resins: 
however, it is not limited to this. The reflection member 1022 
may be the upper surface of the bottom cover 1011; however, 
there is no limit for this. 
The bottom cover 1011 may store the light guide plate 

1041, the light emitting module 1031, and the reflection 
member 1022. To this end, the bottom cover 1011 may be 
provided with a storing unit 1012 having a shape of a box 
whose upper Surface is open, and there is not limit for this. 
The bottom cover 1011 may be combined with a top cover, 
and there is no limit for this. 
The bottom cover 1011 may beformed with metal material 

or resin material and may be fabricated using processes of 
press or extrusion molding. The bottom cover 1011 may also 
include metal or non-metal material having good thermal 
conductivity, and there is no limit for this. 
The display panel 1061 is, e.g., an LCD panel, and includes 

transmittive first and second Substrates, and a liquid crystal 
layer between the first and second substrates. On at least one 
side of the display panel 1061, a polarizing plate may be 
attached; however, the attaching structure is not limited to 
this. The display panel 1061 displays information by the light 
which passes through the optical sheet 1051. The display 
device 1000 may be applied to various cell phones, monitors 
of notebook computers, monitors of laptop computers, and 
televisions. 
The optical sheet 1051 is disposed between the display 

panel 1061 and the light guide plate 1041 and includes at least 
one translucent sheet. The optical sheet 1051 may include at 
least one of, e.g., diffusion sheet, horizontal and vertical 
prism sheets, and brightness enhancement sheet. The diffu 
sion sheet diffuses the incident light. The horizontal or/and 
Vertical prism sheet concentrates the incident light to a dis 
play region. The brightness enhancement sheet reuses lost 
light to enhance brightness. A protection sheet may be dis 
posed on the display panel 1061, and there is no limit for this. 

Herein, on the light path of the light emitting module 1031, 
the light guide plate 1041 and the optical sheet 1051 may be 
included as optical members; however, there is no limit for 
this. 

FIG.25 is a diagram illustrating a display device according 
to an embodiment. 
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Referring to FIG. 25, a display device 1100 includes a 
bottom cover 1152, a substrate 1120, an optical member 
1154, and a display panel 1155. Herein, the above-disclosed 
light emitting device packages 30 are arrayed on the Substrate 
1120. 
The substrate 1120 and the light emitting device package 

30 may be defined as a light emitting module 1060. The 
bottom cover 1152, at least one light emitting module 1060, 
and the optical member 1154 may be defined as a light unit. 
The bottom cover 1152 may be provided with a storing unit 

1153, and there is no limit for this. 
Herein, the optical member 1154 may includes at least one 

of the lens, light guide plate, diffusion sheet, horizontal and 
Vertical prism sheets, and brightness enhancement sheet. The 
light guide plate may be formed with PC material or polym 
ethyl metaacrylate (PMMA) material, and this light guide 
plate may be eliminated. The diffusion sheet diffuses the 
incident light. The horizontal or/and vertical prism sheet con 
centrates the incident light to the display region. The bright 
ness enhancement sheet reuses lost light to enhance bright 
CSS. 

The optical member 1154 is disposed on the light emitting 
module 1060. The optical member 1154 converts the light 
emitted from the light emitting module 1060 to the surface 
light source, or performs diffusing and concentrating light. 

FIG. 26 is a perspective view illustrating an illumination 
device according to an embodiment. 

Referring to FIG. 26, an illumination device 1500 may 
include a case 1510, a light emitting module 1530 installed to 
the case 1510, and a connection terminal 1520 installed to the 
case 1510 and provided with power from an external power 
SOUC. 

It is preferable to form the case 1510 with material which 
has good heat radiation characteristics. For instance, the case 
1510 may be formed with metal material or resin material. 
The light emitting module 1530 may include a substrate 

1532 and the light emitting device package 30 according to 
the embodiment installed on the substrate 1532. The plurality 
of light emitting device packages 30 may be arrayed in a 
matrix form or may be arrayed being separated from each 
other at predetermined intervals. 
The substrate 1532 may be an insulator where a circuit 

pattern is printed. For instance, the substrate 1532 may 
include the PCB, metal core PCB, flexible PCB, ceramic 
PCB, and FR-4 substrate. 
The substrate 1532 may also be formed with material 

which efficiently reflects light, or its surface may be coated 
with color, e.g., white and silver, which efficiently reflects 
light. 

At least one light emitting device package 30 may be 
installed on the substrate 1532. Each of the light emitting 
device packages 30 may include at least one Light Emitting 
Diode (LED) chip. The LED chip may include a light emitting 
diode of visible light such as red, green, blue, or white or a UV 
light emitting diode which emits UltraViolet (UV). 
A combination of various light emitting device packages 

30 may be disposed in the light emitting module 1530 for 
obtaining color tone and brightness. For instance, for secur 
ing high Color Rendering Index (CRI), a white light emitting 
diode, a red light emitting diode, and a green light emitting 
diode may be combined and disposed. 
The connection terminal 1520 may be electrically con 

nected to the light emitting module 1530 to supply power. The 
connection terminal 1520 is screwed to be connected to the 
external power source in a socket method; however, there is 
no limit for this. For instance, the connection terminal 1520 
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may be formed as a pin shape to be inserted into the external 
power source or may be connected to the external power 
Source by a wire. 
A method of manufacturing a light emitting device accord 

ing to the embodiment includes the steps of forming a plural 
ity of compound semiconductor layers including a first con 
ductive type semiconductor layer, an active layer, and a 
second conductive type semiconductor layer on a Substrate; 
exposing a part of the first conductive type semiconductor 
layer through a first etching process; forming at least one hole 
passing through from the exposed first conductive type semi 
conductor layer to a lower surface of the substrate; and form 
ing at least one first electrode in at least one hole, so that 
electrical connection is formed from the lower surface of the 
substrate to the part of the first conductive type semiconduc 
tor layer through the electrode. 
Any reference in this specification to “one embodiment.” 

“an embodiment,” “example embodiment,” etc., means that a 
particular feature, structure, or characteristic described in 
connection with the embodiment is included in at least one 
embodiment of the invention. The appearances of Such 
phrases in various places in the specification are not neces 
sarily all referring to the same embodiment. Further, when a 
particular feature, structure, or characteristic is described in 
connection with any embodiment, it is submitted that it is 
within the purview of one skilled in the art to effect such 
feature, structure, or characteristic in connection with other 
ones of the embodiments. 

Although embodiments have been described with refer 
ence to a number of illustrative embodiments thereof, it 
should be understood that numerous other modifications and 
embodiments can be devised by those skilled in the art that 
will fall within the spirit and scope of the principles of this 
disclosure. More particularly, various variations and modifi 
cations are possible in the component parts and/or arrange 
ments of the Subject combination arrangement within the 
Scope of the disclosure, the drawings and the appended 
claims. In addition to variations and modifications in the 
component parts and/or arrangements, alternative uses will 
also be apparent to those skilled in the art. 
What is claimed is: 
1. A light emitting device comprising: 
a Substrate; 
a light emitting structure layer including a first conductive 

type semiconductor layer formed on the Substrate and 
having first and second upper Surfaces, in which the 
second upper Surface is closer to the Substrate than the 
first upper Surface, an active layer on the first conductive 
type semiconductor layer, and a second conductive type 
semiconductor layer on the active layer, 

a second electrode on the second conductive type semicon 
ductor layer; 

a plurality of first electrodes extending at least from the 
second upper Surface of the first conductive type semi 
conductor layer to a lower surface of the substrate by 
passing through the Substrate; 

an inclined side surface between the first and the second 
upper Surfaces of the first conductive type semiconduc 
tor layer; and 

a first conductive layer disposed on the second upper Sur 
face of the first conductive type semiconductor layer and 
the inclined side surface and connected to the plurality of 
first electrodes, 

wherein the upper portions of the plurality of first elec 
trodes are spaced apart from each other. 

2. The light emitting device of claim 1, further comprising 
at least one first semiconductor layer between the first con 



electrode includes a structure perpendicular or inclined with 
respect to a lower surface of the first conductive type semi 
conductor layer. 

a current spreading layer between at least a part of the second 
electrode and the second conductive type semiconductor 
layer. 
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ductive type semiconductor layer and the Substrate, wherein 
the second upper Surface of the first conductive type semi 
conductor layer is formed of a stepped Surface from at least 
one side surface of the active layer. 

3. The light emitting device of claim 2, wherein a portion of 5 
the first semiconductor layer is extended outward from a side 
Surface of the first conductive type semiconductor layer, and 
a third conductive layer is connected to a portion of the first 
electrode by passing through the first semiconductor layer. 

4. The light emitting device of claim 1, wherein a lower 10 
width of the first electrode is equal to or wider than an upper 
width of the first electrode. 

5. The light emitting device of claim 1, 
wherein the first conductive layer connects upper portions 

of the plurality of first electrodes to each other, 15 
wherein the first conductive layer is contacted with the 

second upper Surface of the first conductive type semi 
conductor layer. 

6. The light emitting device of claim 1, wherein the first 

7. The light emitting device of claim 1, wherein the second 
electrode is closer to an edge region of an upper Surface of the 
second conductive type semiconductor layer than to a center 
region of the upper Surface of the second conductive type 
semiconductor layer. 
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8. The light emitting device of claim 1, further comprising 
a second conductive layer for connecting lower portions of at 
least two first electrodes to each other. 30 

9. The light emitting device of claim 1, wherein an at least 
one of upper and lower surface of the substrate includes a 
COncaVO-COnVeX Structure. 

10. The light emitting device of claim 1, further comprising 
35 

11. A light emitting device comprising: 
a Substrate including a transmittive material; 
a light emitting structure layer including a first conductive 

type semiconductor layer disposed on the Substrate and 
having an outer portion stepped from at least one side of 
the Substrate, an active layer on an inner portion of the 
first conductive type semiconductor layer, and a second 
conductive type semiconductor layer on the active layer; 

a second electrode on the second conductive type semicon 
ductor layer; and 

a plurality of first electrodes extending from a lower sur 
face of the substrate to a side surface of the outer portion 
of the first conductive type semiconductor layer by pass 
ing through the Substrate. 

12. The light emitting device of claim 11, wherein the first 
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electrodes extend to an upper surface of the outer portion of 
the first conductive type semiconductor layer while being 
spaced apart from each other, and the upper Surface of the 55 
outer portion of the first conductive type semiconductor layer 
includes a Ga-face. 
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13. The light emitting device of claim 11, wherein a width 

of the active layer and an upper surface of the first conductive 
type semiconductor layer is narrowerthana width of an upper 
surface of the substrate. 

14. The light emitting device of claim 11, wherein the first 
electrodes include an electrode extending from the lower 
surface of the substrate to an upper surface of the substrate 
and a conductive layer extending to an upper Surface of the 
electrode and the side surface of the outer portion of the first 
conductive type semiconductor layer. 

15. The light emitting device of claim 11, wherein an at 
least one of upper and lower surfaces of the substrate includes 
a COIncaVO-COnVeX Structure. 

16. The light emitting device of claim 15, further compris 
ing a reflective layer connecting the first electrodes to the 
lower surface of the substrate. 

17. The light emitting device of claim 11, wherein the first 
conductive type semiconductor layer includes an N type 
semiconductor layer and the second conductive type semi 
conductor layer includes a P type semiconductor layer. 

18. The light emitting device of claim 11, wherein the 
second electrode includes at least one pad and has a continu 
ous or discontinuous loop shape branching from the pad. 

19. A light emitting device comprising: 
a Substrate; 
a light emitting structure layer including a first conductive 

type semiconductor layer formed on the Substrate and 
having first and second upper Surfaces, in which the 
second upper Surface is closer to the Substrate than the 
first upper Surface, an active layer on the first conductive 
type semiconductor layer, and a second conductive type 
semiconductor layer on the active layer, 

a second electrode on the second conductive type semicon 
ductor layer; 

a plurality of first electrodes extending at least from the 
second upper Surface of the first conductive type semi 
conductor layer to a lower surface of the substrate by 
passing through the Substrate; and 

a first conductive layer connecting upper portions of the 
plurality of first electrodes to each other, 

wherein the first conductive layer is contacted with the 
second upper Surface of the first conductive type semi 
conductor layer, 

wherein the upper portions of the plurality of first elec 
trodes are spaced apart from each other, and 

wherein the second upper surface of the first conductive 
type semiconductor layer is formed of a stepped surface 
from at least one side surface of the active layer. 

20. The light emitting device of claim 19, further compris 
ing a second conductive layer for connecting lower portions 
of the plurality of first electrodes to each other, 

wherein the second conductive layer is contacted with the 
lower surface of the substrate. 


